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(57) Abstract: A method and an arrangement for indication of clutch slip in a manually controlled friction clutch (21) in a vehicle 
with manually controlled mechanical gearbox (23), including a device for calculating a value representing the energy released in 
the clutch (21) on the basis of an expression for the torque of the engine (20) and clutch slip, and devices (9, 12) for generating an 
attention-drawing signal when the calculated enei^gy released exceeds a certain predetermined level. The invention is distinguished 
by: a device (5) for at least substantially continuously calculating the relationship between the engine's speed (3, 4) and the vehicle's 
speed (1, 2); a device for recording the change over time (5, 6, 8) in the value of this relationship; and devices (9, 12) for indicating 
the occurrence and non-occurrence of clutch slip and its magnitude during utilisation of said recorded change. 
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METHOD AND APPARATUS FOR INDICATION OF CLUTCH SLIP 

TECHNICAL FIELD 

S The present invention relates to a method and an arrangement in accordance with the 
preambles to patent claims 1 and 12 respectively. The invention also refers to a vehicle 
equipped with such an arrangement 

STATE OF THE ART 

10 

When driving a combustion engine powered vehicle of the kind which has a manual 
mechanical gearbox and a mechanical clutch, e.g. of disc type, the moving-off sequence is 
particularly problematical with regard to clutch wear. In the case of an inexperienced or 
unobservant driver, incorrect action when putting the vehicle into motion may very well 
15 lead to this wear becoming very severe. In extreme cases, just one move-off sequence in 
which the driver applies too much acceleration, causing excessive engine speed and 
torque, and selects the wrong gear, may lead to, in principle, complete burning out of 
clutch linings. 

20 It is generally the case that clutch engagement entails matching the speeds of rotation of 
the respective parts of the clutch and the elements belonging to them, and the energy 
represented by the speed difference has to be transferred from the side of the clutch part 
which has the higher speed to the side with the lower speed, and/or be released as friction 
heat. Moving off from zero does of course require energy from the engine and the 

25 flywheel being as far as possible converted into kinetic energy for the vehicle. 

The problem is particularly troublesome in a diesel engine powered heavy vehicle, e.g. a 
truck, since this case involves high vehicle weights which cause the clutch to be subject to 
high torque. It may be appreciated that heavy vehicles with total weights sometimes 
30 exceeding 50 tonnes may require very large amounts of energy to set them in motion. 
This encourages the driver to run the engine up before moving off, in line inter alia with 
drivers' inherent endeavour to avoid problems of generally too little power supply, 
moving off on upgrades, vehicle mnning backwards and the risk of engine stalling when 
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too little acceleration is applied. However, excessive engine speed, particularly in 
relation to the gear engaged, causes the abovementioned clutch problem. 

Excessive clutch wear causes a not negligible extra cost to the vehicle owner, not only in 
S terms of direct costs of clutch replacement and repairs but also because of consequent 
indirect costs of vehicle standstill. 

US-A-4 651 142 refers to an arrangement for protecting a clutch from overheating. The 
arrangement described in that specification uses, inter alia, information on the rotation 
10 speeds of the two clutch parts to calculate the energy which is expected to be released in 
the clutch. This requires the use of sensors to provide information on the rotation speed 
of the output part of the clutch or on which gear, or gears in the case of a multi-stage 
gearbox, is/are engaged in the gearbox, for reverse-direction calculation of said rotation 
speed. 

15 

A serious problem of that known arrangement lies precisely in the fact that it requires 
along the driveline further sensors which are undesirable because of complicating the 
system and are not normally present in a large proportion of today's heavy vehicles. Thus 
that arrangement is in principle usable only after installing such sensors, or in vehicles in 
20 which such sensors are for any reason already present. 

OBJECTS AND MOST IMPORTANT FEATURES OF THE INVENTION 

It is an object of the present invention to provide a solution whereby the problem with the 
25 state of the art can be eliminated, which solution is also applicable in a substantially broad 
range of vehicles. 

This object is achieved with a method and an arrangement of the kind mentioned in the 
introduction by the features indicated in the characterising parts of patent claims 1 and 12 
30 respectively. 
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The result is that the energy released in the clutch while it is slipping can be calculated by 
simple means on the basis of signals received from sensors which are already present in 
most heavy vehicles. 

S It should be mentioned that even an experienced driver who, for example, switches to a 
vehicle which is new to him/her risks causing high clutch wear because unfamiliarity with 
different engine noise, accelerator position/engine speed position etc. greatly alters the 
whole driving situation. In this respect it is important to bear in mind that in modem 
vehicles of the kind in which the invention is intended to be applied it may be very 

10 difficult even for an experienced driver, even after long experience of the specific vehicle, 
to gain a correct picture of the parameters which influence clutch wear. Thus not even 
long experience will guarantee a driver handling the vehicle in an acceptable manner, 
since the clutch overload problem is aggravated by the fact that modem vehicles of the 
kind here referred to do not give the driver clear overload indications. In contrast, the 

IS invention results in the driver's attention being drawn directly to abnormal clutch wear 
while driving, particularly when setting the vehicle in motion, thereby creating a rapid 
and correct learning effect which quickly makes it possible to adapt to the specific vehicle 
and avoid abnormal clutch wear. 

20 The relationship between engine speed and vehicle speed can easily be calculated by 
combining signals which exist in the vehicle. This is done with advantage at short 
intervals of time, e.g. between half a second and a few tenths of a second. Other intervals 
may also arise and as short an interval as possible is desirable. 

25 Changes in the calculated relationship are recorded and evaluated over time. It is thus 
possible on the basis of the trend over time to infer prevailing running data and hence 
calculate the speed of the output part of the clutch. The energy released in the clutch is 
then calculated therefrom by an appropriate method. 

30 It may be mentioned that clutch wear is in principle proportional to the square of the 
speed difference (known as slip) between the clutch parts, so each reduction in this speed 
difference causes an advantageous reduction of wear and hence longer clutch lining life, 
longer periods between clutch renewals and shorter vehicle standstill times. 
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A common error by inexperienced drivers when moving off is to engage too high a gear 
with too high engine speed. The invention effectively draws drivers* attention to this 
incorrect handling of the vehicle and enables them to correct their driving style when 
moving off on subsequent occasions. 

5 

A preferred aspect of the invention results in the value of the relationship being compared 
with stored data values pertaining to the gearbox's various gears. When the relationship 
is established to be approaching one of these stored values, this is related to a certain gear 
being engaged, from which it is possible to determine the prevailing speed of the output 
10 part of the clutch. The energy released may then be calculated on the basis of the energy 
supplied from the engine less the energy which is "carried ofP* via the rest of the 
driveline. 

According to an alternative or further preferred method, the relationship is derived as a 
15 function of time, whereby it may easily be observed that clutch slip ceases when the 
derivative approaches zero. For greater reliability, this method is preferably combined 
with an evaluation of how much the relationship differs from the nearest gearchange 
value in the geaibox which is stored in the memory. 

20 It should be emphasised that the invention is also applicable in semi-automatic systems 
such as servo-assisted mechanical gearboxes, and in servo-assisted clutches. 



BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Further advantages and features of the invention are indicated by the following 
description of embodiments with reference to the drawings, in which: 
Fig. la depicts a flowchart of a method according to a first embodiment of the invention. 
Fig. lb depicts a flowchart of a method according to a second embodiment of the 
30 invention, and 

Fig. 2 depicts schematically a driveline for a vehicle equipped according to the invention. 
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DESCRIPTION OF EMBODIMENTS 

Fig. la depicts schematically a flowchart of a method according to the invention which 
indicates clutch slip in a manually controlled friction clutch in a vehicle with manually 
S controlled mechanical gearbox. The vehicle in this example takes the form of a 
combustion engine powered heavy-duty vehicle such as a diesel engine powered truck or 
a bus. Reference 1 denotes a detector for detecting the speed of the gearbox output shaft 
or the propeller shaft. Signals from this detector are converted in reference 2 to values 
representing, in principle* the vehicle's instantaneous speed or the output shaft's 
10 instantaneous angular speed. A detector 3 is further designed to deliver signals describing 
the engine speed* which are converted in reference 4 to an instantaneous value thereof. 

Reference 5 combines the values from references 2 and 4 to calculate, at least 
substantially continuously, a relationship between the engine speed and the vehicle speed. 
IS The values from references 2 and 4 are also stored in an intermediate memory 6 during 
the period when slip takes place. This memory also effects intermediate storage of engine 
torque values (see below). These values are used later, when the slip has ceased, for 
calculating the slip energy developed in the clutch. 

20 A memory 7 has been fed beforehand with transmission ratio values for the various 

possible gear combinations in the vehicle's gearbox(es). Reference 8 compares the value 
received from reference 5 with the stored values in the memory 7, and when the value of 
the calculated relationship is established to be approaching a stored value and the 
difference is less than a certain predetermined difference for a specified period of time, it 

25 is established that the clutch slip has ceased. 

Reference 10 denotes a signal from the engine's control system which indicates the 
engine torque based on the fuel quantity injected. Reference 11 forms a torque value 
which is led to and stored in the memory 6 as above. 

30 

When the clutch has ceased to slip and the system has decided which gear is engaged, the 
data stored on an intermediate basis in the memory 6 are used for calculating in reference 
9 the slip energy released in the clutch. In principle, this involves an expression for 
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instantaneous torque being multiplied by the relating slip value and being integrated over 
time until it is established that the clutch has been engaged and the slip has ceased. The 
value thus obtained describes the amount of energy released in the clutch. When the 
energy amount established exceeds a predetermined limit value, an attention-drawing 
5 signal represented by a lamp 12 is activated. 

The occurrence of the lamp signal 12 represents an effective instructional facility for 
drivers, providing them with technical support for modifying their driving behaviour, 
particularly the way they handle the clutch, towards causing less wear. 

10 

As an alternative to the embodiment depicted in Fig. la with values representing the 
engine torque, engine speed and vehicle speed being stored on an intermediate basis in the 
intermediate memory 6 during the period when slip takes place, it is instead possible to 
sunmiate continuously the product arrived at by multiplying the total energy supplied at 
15 the time of each measurement by a preliminary value representing the '^useful energy", 
likewise at the time of each measurement: 

Win - Wout= M X ©cngineX At - M X i X (Dpropshaft X At 

where M = net torque 
20 i = transmission ratio 

The first term is calculated for the slip period and is summated continuously. 
In the second term of the formula, "i" may be removed and 

Wprei = M X cOpropshaft X At bc Calculated for the slip period and be summated continuously, 
25 i.e. right up to when the end of the slip period is established by any of the methods herein 
described. When this has been done and the transmission ratio has thus become known, 
Wout may be calculated by multiplying the total obtained by the *T' value obtained. The 
advantage of this method is that no intermediate storage of data is necessary and a simpler 
system can therefore be used. A flowchart working according to this alternative method 
30 is depicted in Fig. lb, in which the only obvious difference in this respect as compared 
with Fig. la is absence of the memory 6 and the fact that the signals are instead led 
directly to reference 9 where the relevant calculation takes place. 
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The same method can also be applied so that cessation of clutch slip is established when 
the derivative of the value of said relationship as a function of time differs from zero by 
certain maximum amount. In this case it is possible, as in the calculation indicated 
previously, for later values or mean values of them to be compared with earlier values or 
5 mean values of them. As suggested above, it is advantageous for this method to be 
combined with an evaluation of the difference between the relationship and the nearest 
gearchange value. 

It is preferred that information on energy released in the clutch over time be stored in a 
10 memory 13. This makes it easy to extract the vehicle's status and possibly also the 
specific driver's history, as regards clutch wear. 

The engine torque calculation in reference 1 1 preferably involves compensating for the 
engine's slippage/friction torque and/or for peripheral equipment belonging to the vehicle, 
15 with a view to calculating a net torque. This net torque is then used for calculations of 
energy released in the clutch, resulting in a more reliable value. Typically the 
compensating portion is measured beforehand for various engine speeds and stored in the 
memory, reference 14 in Fig. 1, but may also depend on whether, for example, air 
conditioning, fans etc. are running. 

20 

By a modification of the method it is also possible to ensure that the attention-drawing 
signal is delivered, while clutch slip is taking place, when the calculated total energy 
supplied from the engine exceeds a predetermined value. The driver thus receives early 
warning to enable him/her to interrupt an incorrect clutch sequence. In this case the 
25 product of engine speed x engine net torque x At is calculated during slip from standstill. 
This product is summated for as long as the engine slips. 

It is also possible for the clutch slip to be regarded as having ceased when the absolute 
amount of the net torque is below a certain specified amount. 

30 

Fig. 2 depicts schematically the control system 19, which advantageously incorporates a 
system according to invention integrated into or connected to the normal engine control 
system. In the driveline, the engine is denoted by reference 20, the clutch by 21 and the 



wo 01/72546 



PCT/SEOl/00631 



8 

gearbox by 23, while a speed sensor (detector) for the gearbox output speed, similar to 
that described above, is denoted by reference 1. The gearbox output shaft is connected to 
a final gear 27 which is connected in its turn to the vehicle* s powered wheels 28. 

5 Figure 2 also shows the control system 19 conmiunicating with the control system of the 
engine 20 in order to receive signals describing the engine speed and the engine torque, 
with the sensor 1 for the speed of the gearbox output shaft in order to obtain signals 
describing the vehicle speed, and with the memories 6, 7 and 14 (see above). It also 
conmiunicates with the lamp 12. 

10 

The invention means that in a vehicle equipped according to the invention a driver can be 
warned of clutch handling likely to cause excessive clutch wear. The driver can be 
provided with important information on the state of the clutch which would otherwise be 
difficult to apprehend during normal driving, at least for an inexperienced driver. An 
15 important advantage of the invention is that the system is simple and inexpensive and can 
be applied to vehicles which have been chosen by the haulage contractor for minimised 
mnning costs and are not equipped with sophisticated but expensive automatic gear 
systems. The invention also achieves its object even in certain such automatic systems. 
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Patent claims 

1. Method for indication of clutch slip in a manually controlled friction clutch (21) in a 
vehicle with manually controlled mechanical gearbox (23), whereby a value representing 

S the energy released in the clutch is calculated from an expression for the torque of the 
engine (20) and an expression for clutch slip, the torque being calculated on the basis of 
the fuel quantity (1 1) supplied to the engine, and whereby an attention-drawing signal to 
the driver of the vehicle is delivered when the calculated energy released in the clutch 
exceeds a certain predetermined level, 
10 characterised 

- in that the relationship between the engine's speed and the vehicle's speed is at least 
substantially continuously calculated, 

- that the change in the value of this relationship over time is recorded, 

- that the change in the relationship is used for establishing the occurrence or non- 
IS occurrence of clutch slip, 

- and that the amount of the relationship is used for calculating the magnitude thereof. 

2. Method according to claim 1, characterised in that the value of said relationship is 
compared with stored values (7) representing various gear changes in the gearbox (23). 

20 

3. Method according to claim 2, characterised in that cessation of clutch slip is 
established when the value of said relationship matches one of said stored values 
corresponding to a certain gear change. 

25 4. Method according to claim 3, characterised in that information on said certain gear 
change is used for calculating the magnitude of the clutch slip. 

5. Method according to claim 1, characterised in that cessation of clutch slip is 
established when the derivative of the value of said relationship as a function of time 

30 differs from zero by a certain maximum amount. 

6. Method according to any one of the foregoing claims, characterised in that 
information on energy released in the clutch is stored in a memory (13). 
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7. Method according to any one of the foregoing claims, characterised in that the 
attention-drawing signal is delivered, after cessation of clutch slip, when the calculated 
total energy released exceeds a predetermined value. 

5 

8. Method according to any one of claims 1-6, characterised in that the attention- 
drawing signal is delivered, while clutch slip is taking place, when the calculated total 
energy released exceeds a predetermined value. 

10 9. Method according to any one of the foregoing claims, characterised in that the engine 
torque calculation involves compensating (13) for the engine's slippage/friction torque 
and/or for peripheral equipment belonging to the vehicle, with a view to calculating a net 
torque. 

IS 10. Method according to claim 9, characterised in that clutch slip is regarded as having 
ceased when the absolute amount of the net torque is below a certain specified amount. 

11. Method according to any one of claims 1 - 10, characterised in that instantaneous 
parameter values for rotation speed and torque are stored on an intermediate basis (6) 

20 during slip, for use in slip energy calculation after the cessation of slip has been 
established. 

12. Method according to any one of claims 1 - 10, characterised in that, during slip, 
instantaneous values for energy arising from the engine (Win) and preliminary values for 

25 energy carried off via the vehicle's driveline (Wprei) are summated for use in slip energy 
calculation when cessation of slip has been established. 

13. Arrangement for indication of clutch slip in a manually controlled friction clutch (21) 
in a vehicle with manually controlled mechanical gearbox (23), including a device for 

30 calculating a value representing the energy released in the clutch (21) on the basis of an 
expression for the torque of the engine (20) and clutch slip, and devices (9,12) for 
generating an attention-drawing signal when the calculated energy released exceeds a 
certain predetermined level, characterised 
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